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PEUGEOT XUD-9-AL NOZZLE COKING TEST
10 HOUR CYCLIC PROCEDURE

Hicardo Test No : 11536-C0
Procedure : F23-7-00
Fuel Reference : BP, EN 550

Low sulphur Digsel
Additive Reference : N/A
Tast Complatad : 02-Jun-00

Test Conducted For:

Syntroleum Corporation
1350 8

Boulder, Suite 1100
TULSA

OK 74118

LSA

Compiled By Approved:

Df\__n},ﬁ&lu\ ) (M LN .
.l LA T

Michaet C.Twillay David T.Jonas
12-dun-00 12-dun-G0

Ricardo

Bridge Works, Shorgham-by-Sea,
Wast Sussex. BN43 5FG
England

Telephone : (£4) 01 273 794325
Fax ({44) 01,275 794584




sy

e

Ry
b e

Section

el

Title Page
index
introduction
Test Engine

Test Frocedura
3.1 Pre-Test Praperation
3.2 Set-up Conditions

2.4 Test Run _

3.5 End of Test Procedure

3.6 Reporting of Resuits

3.7 Fuel Blending

3.8 Engine Qperating Condltions

3.2 Report of Operation Ouiside Specification Limits

Test Rasults
4.0 Flow Rates and Residual Flow Rate Tables
4.1 Resldual Flow Rate Graphs

Heference Data, Base fusl
5.1 Reference data, Additised fusl

Additional Information
Appendix A - Photographs of Test Parts

Page 2 of 11 Pagas

3
4
4
5
5
5
5
5
@
8

11




1.0
[
{7
2.0
L
[
L
* 3.0
i
Le

THE EVALUATION OF INJECTOR NOZZLE COKING USING

INTRODUCTI

THE PEUGEQT XUD-9 ENGINE

ON

The Peugeot XUD-8 Nozzle Coking Test has been developead by the
CEC PF-023 group. The test is designed to evaluate tha capability of
Diesel fuel additives to prevent injector nozzle coking in a modem
indirect injection passenger car enging.

TEST ENGINE

Dasignation

Peugeot XUD-9-AL

Mo of eylinders - 4
Swept voiume - 1.8 litre.
injector Nozzle - RDNOSDC 8850
Nozzie Opening Pressure - 115 +/- S bar
injection Pump - Roto Diesel Type 047
Dynamic injection Timing - 10* BTDC
TEST PROCEDURE
Stage Time Speed Terque

1 30 1200430 | 10=2

2 §0 300030 | 502

3 80 1300£30 | 352

4 120 | 1850=30 5042

S —

Coolant out 95°C = 2°C ’
Coolant dalta 4°C (Stage 2)
Ol galtary 100°C =5
Alrinlet 32°C = 2°C

Fuel return pressure. -50 to «100 mbar
Fuel supply pressure 100 to =100 mbar
Exhaust back pressure 50 = 10 {Stage 2)
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ENGINE PRE-TEST PREPERATION

The fuel system is Hlushed with the test fuel.

A clean sst of slave injectors are fitted to the engine.

The engine is started and warmed up to procedure,

The fuel pump is flushed through to procedure with the test fuet.

The engine is then ramped up to 3000 /m - 50 Nm and conditions are allowed
to stabilise lor ten minutes.

The enging is then set to the raquired set-up conditions and the data is logged.
Onee all the set up condilions are correct the engine speed and load is
reduced to 1000 rim - 5 Nm for five minutes before stopping the engine.

New iuel filters are installed.

The slave injectors are removed from the engine.

ENGINE SET UP CONDITIONS

wépéed {rimj) ' 3004
Load (Nm) 50
Fuel Terno, pump (deg ©) _ 31
Infet Air (deg C) 32
Exhaust (deg C} 9453
Exhaust bp (mbar) | 51
Coolant in {deg C) 80.8
Coaolant out (deg ) . 953
Coolant delta (deg C) 4
Cil temp (Geg C) 100
Smoka {AVL) 11
Blow-by {Ilpm) 11
Fuel consumption (kg/hr) ' 4.8
Fuel pump pressure in {mb) a5
Fuel pump pressure out (mb} 4
Dynamic injection pump iim'%ng _ 10.0
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3.4

3.5

3.7

TEST INJECTOR PREPARATION

New nozzles are flowad with air, using the nozzle flow testing rig to 180 4010.
Measuraments are taken at liit points 0.05,0.1,02, 0.3, 0.4 and 0.5 mm.

The nozzles are assembled, sat to the carract opening pressure and then
fitted to the engine.

TEST RUN

The enging is warmed up to tast conditions and run for 10 hours without
stops, using the fusl o which the test additive has been added.

END OF TEST

At the end of test the injectors are removed from the engine, dismantied, and
the nozzies reflowed on the test rig.

REPORTING OF RESULTS

Results are expressed as the percentages residual airflow for each lift paint.

FUEL BLENDING

Market piace fuel, additive pre-blendid al distribution terminal.
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3.8

ENGINE OPERATING CONDITIONS

The engine operating conditions are monitored and recorded every 5th
cycle throughout the test The minimum, maximum and average values ars

displayed below for all 4 stages.

Stage 1 _ -S’tagg 2
L min max ave min max ave
Speed {7m) 1189 | 1205 | 1202 |[ 3002 | 3004 | 3002
Load {Nm) 104 | 109 | 107 || 500 | 508 | 50.4
Fuel Temp, pump (dag C) 31 32 a1 81 32 | 31
Inlet Air (deg C) 32 a3 32 32 33 | 32
Exhaust {deg C) 182 | 201 | 197 | 310 | 318 | 312
l[Exhaust bp {mbar) 12 15 14 49 | 50 49
Coplant in (deg C) 8¢ 93 | o1 21 93 92
Ceolant out (deg C) g4 g6 95 85 1 98 98
Oil temp (deg C) %8 | 99 89 || 101 | 102 | 102
Smoke {AVL) - < © 08 1.0
Fuel pump pressure in imb) 19 42 32 15 28
Fuel pump pressure out (mb) 5 23 10 7 10
Stage 3 _ Sssfge 4
. min | max ave min max | ave
Speed {rm) 1298 | 1302 | 1300 || 1848 | 1851 | 1850
Load (Nm) 344 | 355 | 352 |l 501 | 508 | 504
Fuel Temp, pump {deg C} 31 32 32 31 3z | 31
linlet Air (deg C) 32 33 32 | 31 | a3 32
Exhaust (deg C) 210 | 213 | 211 | 281 | 254 | 282
Exhaust bp (mbar) 13 ] 14 | 14 18 17 | 18
Coolant in {deg C) 91 | g2 | ot Il s0 | @3 g1
Cooclant out {deg C) a4 85 a5 94 &6 98
il temp (deg C) 89 100 | 100 99 . EE, 99
Smoke (AVL) . : : 08 | 15 1.1
Fuel pump prassure in (mb) 18 42 30 || 15 ag 28
Fuel pump pressure out {mb) g | 22 11 - 22 14
([ Total fuel consumption fortest (Its) | 34.0 | - 0 oo con

REPORT OF OPERATION OUTSIDE SPECIFICATION LIMITS

None,

FPage 8 of 11 Pages




-

.
S

1

Customer Fuel _Code

T & e EM%O )

Low sulphur Diesel|l

ms Number

All resudts wre correcied 10 stondard conditions, 203 K 7980 pshar,
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Additive N/A RTS Mumber MZA
Fuel volume 80 Its TR Ry SO0 i
Dose Rate N/A i:_ng:r:e Number i
Aater SOT MIH Rater EOT MCT
Qylinder 1 Cylinder 2
Moz 0} - Nozzie 22
Lt ﬁ;;w Before | Flow After | Rosiding Life Flaw Befere | Flow After | Residuat
{hnt teat 2 Fow T fes 19 Flow:
' LPs LM %) {5 LM 5y
o 0.0 0.0 0 0 0.0 0.0 0
0.05 | 0208 | 0.027 13 005 | 0219 | 0043 | 19 |
0.1 0.2¢8 | 0.050 17 0.1 0.269 | 00584 | =20
0.2 0.387 | 0.059 15 0.2 0341 | 0679 23
0.3 0475 | 0.098 | 21 03 1 0422 | 0118 | 28
0.4 0566 | 0181 | 28 04 | 0522 | 0217 | 42
I 05 [ 0673 | 0371 | 55 05 | 0642 | 0.401 | 83 |
‘i,,y;lmder 3 Cgitgder 4 ' '
_gngzie 03 Nozzle 94 . .
1R Flow lefore | Flow After | Residug! Lift Ibiw Before § Flow Afller | Residual
- st s Flow {HEay  dam est Hlow
B LPM S oy Lo B3
0 0.0 0.0 0 0 | oo 0.0 o
0.05 0.194 | 0.044 23 005 | 0.200 | 0.040 20
0.1 0.282 | 0.085 23 0.1 0.253 | 0.059 23
0.2 0.371 | 0125 34 0.2 | 0351 | 0107 30
0.3 0.457 | 0.219 48 0.3 | 0.446 | 0.197 44
0.4 0.650 | 0332 60 0.4 0547 | 0312 | 87
0.5 0683 | 0.487 73 05 | 0874 | 0518 | 77 |
Average of all 4 nozzles '
Lift (mm) i) 0.05 0.1 0.2 0.3 04 05 |
Respdual '
§ [low & 0 19 21 25 35 47 A7




41 RESIDUAL AIR FLOW GRAPHS

XUD-9 NOZZLE COKING TEST
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THE PEUGEO"' XUD~9 AL 1NEIHECT’ INJECTiON
DIESEL ENGINE
5.0 REFERENCE BASE FUEL, RESULTS SUMMARY
]i Test Number | 11529-00 Procedure F 23-T-00
{{Test Date | 23-May-00 _|Test Stand 4:1
I i|Fuel Code RF 93-T-85 |RTS Number N/A
| Additive None 'RTS Number N/A
. {Dose Rate N/A
Cylinder 1 Cylinder 2
_g._Naz;le _JK 963 . Nozzie JK 964
3 Lift Flaw fefore | Tlow Aler | g s Lift e Before | Flow After Residuat § -
; _ e o ;?im ?M {ren 'f;w zii ol
i LEM %) i {%;
p 0 1 00 0.0 0 0 0.0 0.0 0
3 0.05 | 0217 | 0.028 | 13 005 | 0227 | 0030 | 13
0.1 0274 | 042 | 15 0.1 0284 | 0030 | 14
0.2 | 0570 | oos4 | 23 6.2 | 0373 | 0.070 19
0.3 0465 | 0156 | 34 03 | 0481 | 0138 | 30
04 10563 | 0302 | 54 04 | 0543 | 0225 | 42
i 05 0685 | o488 | 71 | 05 | oes4 | 0346 | 352
‘Cylinder 3 C},{!mdar 4 '
’ |Mozzle  JK 955 o Nozzle JK 966 T
- - Sow Refors | Flow After | Resinal i |Flow Before | Flow Aher | Reddal
i Lin - test Flow S mea test Flow
‘ inyml 1P LI i _ s LI LM (L3
U 0 0.0 0.0 0} C 0.0 0.0 0
o 0.05 0.18¢ | 0.028 13 Il 005 | 0214 | 0.019 g
s 0.1 0.245 | 0.038 15 04 0.269 | 0.021 a
0.2 0321 | 0104 | 32 02 | 0380 | 0029 | ., 8
0.3 0.405 | 0.208 51 03 | 0453 | 0.045 10
0.4 0498 | 0332 | 86 04 | 0545 | 0.108 19
2.5 0.818 | 0432 70 1 05 | o870 | 0.400 50
L ;Averaqe of all 4 nozzles
Lift mm) | 0 005 | 01 0.2 0.3 04 0.5
Residual
| flow % 0 12 13 20 3t_| 45 83
All results a__rs;.cmra“*&d to siandard condifions, 283 K/ 980 mbar. 1
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THE PEUGEOT XUD-3-AL INDIRECT INJECTION
DIESEL ENGINE
5.1 REFERENCE ADDITISED FUEL, RESULTS SUMMARY
Test Number 11530-00 Procedure F 23-T-00
Test Date 24-May-00  |Test Stand 4:1
£ {Fuel Code RTS 4342  |RTS Number RTS 4342
liAdditive Pre blended |RTS Number  N/A
[Dose Rate N/A
| Cylinder 1 Cylinder 2
: Nozzle JK 968
. Hesidual L Flow Before | Plow After Residual
B el - I e
¥ % iR
= 0 00 | 00 | o 0 00 | @00 0
i 0.05 0232 | c.088 42 005 | 0.230 | 0.077 34
0.1 0285 | 0.128 45 0.1 0.291 | 0.108 37
0.2 0.385 | 0.218 50 02 | 0378 | 0184 | 52
0.3 0448 | 0310 | 889 03 | 0480 | 0304 | 66
‘ 0.4 0.543 | 0.418 77 04 | 0552 | 0488 79
3 0.5 0666 | 0.598 90 05 | o871 | 0821 93
- Cvlinder 3 Cylinder 4 2 !
P Mozzle JK 969 _ Nozzle J.i.{s’m- os
i i ore | Flow afer | Residsal it iﬁ“’ Befors i::* AR | pesideal
e T et Flow SR : Flow
bt iy 1o 1084 P oLt LBy ey
"
(. o | og 0.0 o 0 0.0 0.0 0
B 0.08 0.207 | 0.083 45 0.05 | 0228 | 0.097 42
? 0.1 0.254 | 0.121 46 01 | 0285 | 0133 | 48
0.2 0.342 | 0.180 56 02 | 0371 | 0244 | 86
0.3 0418 | 0.272 55 03 | 0454 | 0.358 79
0.4 0.487 | 0.385 77 0.4 0.545 | 0.512 94
0.5 0632 | 0552 87 05 | 0661 | 0.643 97
[Liftimm) | 0 0.05 | 01 0.2 03 | 04 0.8
Residusl
flow % 0 41 44 | 58 70 82 82
L All resulls are corrected o standard conditions, 263 K 7 980 mbar.
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6.0 PHOTOGRAPHS OF TEST PARTS

Pintle cylindar 1
Pintle cylinder 2
Pintle cylinder 3
Pintle cylindgr 4

g
B WA -

———

ey,
S

i,

Page 11 o 11 Pages




B

Nozzie |

Nozzle 3

AN

R

-

Novgzle

nrzle




